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Thresholds, incidence functions, 
and species-specific cues: responses of 
woodland birds to landscape struchue in 
south -eastern Australia 
ANDREW F. BENNETT AND JAMES Q. RADFOR D 
INTRODUCTION 
Looking out from a vantage point across a large tract of fores t gives a super-
fic ial impression of unlformity; the crowns of canopy trees follow the folds 
and contours of the landscape to provide a continuous cover of wooded veg-
etation. But this visual appearance belies the truth: forested landscapes are 
far from uniform. On closer examination. they comprise a complex mosaic 
of different vegetation types and stands of different age-classes. differing 
structural features, and modified to varying eAient by human land-uses. 
Forests have a critical role in the conservation of biodiversity throughout 
the world (Peterken I996; Laurance and Bierregard 1997: Lindenmayer 
and Franklil1 2002). and a key feature contributing to their conservation 
value is the response of forest biota to the heterogeneity mherent in forested 
landscapes (Lindenma er et ai. 2006). Consequently, an understanding of 
the implications of landscape structure for the maintenance of species and 
ecological processes is an important foundation for forest management and 
biodiversity conservation. 
How do forest biota respond to landscape structure? 
Conservation of biodiversity in forested landscapes requires a multi-scaled 
approach to management. including measures at regional. landscape, and 
Setting Conservation Targetsfor Man.aged Forest Landscapes, ed. M.·A. Villard and 
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stand scales (Lindenmayer and Franklin 2002) . Our focus here is the land-
scape scale and the opportunity to enhance conservation outcomes by man-
aging and mampulating landsca pe structure. This patial scale IS Important 
for several reasons. First. the landscape cale is that at which most land 
managers must operate and make decisions: for example. management 
decisions relating to the extent and spatiaJ arrangement of loggmg areas: 
the location and extent of areas to be burned to reduce the nsk of wildfire; 
the sitmg of recreation facilities to minimize adverse impacts. and the most 
effective locatIOn for restOlation actions in modified landscapes. Second, a 
landscape perspective IS necessary to under tand the conservation requil e-
ments of many species. For example. large tracts of habitat may be necessary 
to maIntain VIable populations of specIes. numerous species move between 
complementary elements in the landscape on a dail or seasonal basis (Law 
and Dickman I998) and for many forest-dependent species It is essential 
to understand the impacts associated WIth mom lied or novel land uses 
adjacent to fore t rem nants (Laurance and Vasconcelos 2004). 
A cenh'al issue, therefore, is to understand how plan ts and ani-
mals respond to landscape stnlcture and to the changes in structure 
brought about by human land uses . Which aspects of landscape struc-
ture are associated with a more sustainable forest ecosystem and whlCh 
are detrimental? Are there particular components of forest landscapes that 
enhance biodiversity? Is it necessary to have a minimum proportional cover 
in the forest landscape of a particular vegetation type an d tand structural 
type. or post-fire seral stage? Are there spatial pattems of landscape ele-
ments that are likely to be more or less effectw e in achieving bIOdiversity 
conservation? 
In recen t decades, much progres has been made in gainmg a better 
understanding of forested landscapes. both in contmuous forests and frag-
mented forest landscapes. Many studies have obtained empirical data on 
the relative values of different kinds of elements in forested landscapes: for 
example, npanan buffer strips (Darveau et al. 1995; Palmer and Bennett 
2006; Chapter 3. this vol ume); fores t stands at djfferent stages of post-
logging regeneration (Loyn 1985; SmIth 1985); plantation forests (RenJlfo 
2001; Lindenmayer et at. 2002); and forest blocks of different sizes and 
management histories (Suckling 1982; ewmark I99I) . Such stud ies have 
provided ma ny valuable inSIghts bu t the data relate primarily to the usc 
of. or conservation value of, single types oflandscape components, the} do 
not provide comparative data on combinations of elements that make up a 
forest mOSaIc. 
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Other studies have explicitly measured the structure of the landscape 
around survey sItes or forest stands. and related the occurrence of species 
or assemblages to the attributes of the surrounding landscape (Drolet et al. 
1999; Jansson and Angelstam 1999; lazerolle and Villard I999; McAlp ine 
et al. 2006) . For example. LoY!) et al. (2001) mode1ed the factors influenc-
ing the presence of forest owls III extensive forests of the highlands of 
south-eastern Austraha and found that mapped variables representing for-
est compositLOn and structure surrounding survey sites explained more 
variation in the occurrence of owl species than could be predicted by the 
forest habitat at the survey site. However. although such studres provide 
further inSIghts for forest managers. particularly the capacity to test for 
influences at multiple spatial scales. they do not directly compare [or-
est mosaics. The response variable (e.g. occurrence of a species) 1S rnea-
sured at a single site or patch. and the measures of composition or spatial 
configuration of the forest mosaic represent the context for that si te or 
patch. 
I n order to make quantitative comparison of the conservation value 
of dIfferent forest landscapes. it IS necessary to make direct comparisons 
between the status of species or assembJages in a series of "whole mosaics" 
or "landscape Units ' that have different properties. That IS. the forest mosaic 
becomes the unit of study, and the response variable must represent the 
status of species or assemblages in the mosaic as a whole, rather than in one 
component. There are a small number of studIes where such an approach 
has been taken. in which [ore t biota have been measured to represent 
heterogeneous forest mosaics within continuous forest (McGarigal and 
McComb I995; Jokimald and Huhta £996; Mitchell et al. 2006) . or where 
forests occur in modified Jandscapes (Andren I992; Trzcinski et al. 1999; 
Villard et al. I999; Boulinier et al. 200T). For example, Gjerde et al. (2005) 
recorded the abundance of woodpeckers In 100 ha forest mosajcs in western 
orway along a gradient of conversion of pine forests to spruce plantations. 
The number of woodpecker species per mosaic peaked between 20% and 
40% cover of spruce plantation; with greater propomonal cover. the richness 
of woodpeckers declined. 
The primary thesis of this chapter is that conservation of forest biota and 
ecosystems will be enhanced by a better understanding of how the prop-
erties of forested landscapes irIfluence the biota; pamcularly by identifying 
quantitative relationships between components of landscape structure and 
the status of forest biota. We first outline four kinds of properties of land 
mosaics that mfluence the status of fauna in forested landscapes. We then 
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present a case study from south-eastern Australia. describing an investiga-
tion of the influence of landscape structure on woodland birds in a region 
where forests persist amongst agricultural lands. Finally, we discuss how 
insights from this type of research approach can assist in setting goals for 
practical conservation management. 
Properties of mosaic.s 
Land mosaics have properties that differ from those of their individual com· 
ponents . These properties are a product of the numbers. types , and spatial 
arrangement of the elements or land uses that occur within it (Forman I995 ; 
Wiens I995; Bennett et al. 2006) . There are four main types of property. 
each of which can be represented by different measures or variables. 
(a) The total extent ofha bitat refers to the total area of all vegetation patches 
or land uses that provide habitat for a particular taxon . regardless of the 
size. shape, or location of each pa tch in the mosaic. 
(b) Composition of a mosaic refers to the types of different elements present 
(e.g. vegetation types, age classes. land uses) and their relative propor-
tions. It may be measured by the number (richness) of different types of 
elements. by di.versity indkes (e.g. Shannon-Wiener index, evenness) . 
or by the use of multivariate statistics based on the proportions of dif· 
ferent elements. 
(c) Configuration refers to the spatial arrangement of elements In a land 
mosalC. A large number of measures have been proposed to quantify 
aspects of configuration (e.g. Turner et al. 2001) . Several distinct com-
ponents of spatial configuration include the degree to which habitat for 
a taxon is aggregated (cf. dispersed) in the mosaic; the extent of subdivi· 
sion (i.e . the number of habitat patches for a given amount of habitat) , 
and the relative shape of patches (Bennett et al. 2006). 
(d) Environmental variation refers to the relative variation in physical aspects 
of the environment within each mosaic. such as elevation, rainfall. or 
geological substrates. The geographic location of a landscape is also 
an important factor; it may influence the physical environment. and 
the likelihood of occurrence of species in relation to their geographic 
ranges. 
These types of property can be measured for all land mosaics. In con-
tinuous forests. emphasis will be given to within-forest structural variation. 
For example, composition of the forest mosaic may be based on par,!-m-
eters such as the proportions of post-Jogging regrowth (McGarigal and 
McComb I995; Chapin et al. 1998), or of different forest types (Jansson 
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and Angelstam T999; Gjerde et al . 2005) . In fragmented fores t landscapes, 
emphasis is usually given to the pattern of remnant forests . Extent of habitat 
i measured as the total amount of forest, composed of numerous patches 
amongst other land uses (Andren 1992; Trczinski et al. 1999; Villard et al. 
1999). Composition of the mosajc may be measUIed by gxadients in the 
proportions of different land uses (e.g. arable land, grazing, forests, human 
settlement) (Bennett et al. 2004; Radford et al. 2005) , or by indices based 
on diversity ofland uses (Pino et al. 2000 ; AtaUIi and de Lucio 200T; Luoto 
et al. 2004) . 
A cautionary note is required concerning the level of intercorrelation 
that often exists between variables representing landscape structure. For 
example. meaSUIes of the extent of a habitat and its spatial configuration 
are often strongly correlated (Fahrig 2003) , making it difficult to pinpoint 
true causal relationships. Forest management \vill be more effective if it 
is known which landscape properties have the strongest and most direct 
influences on biota, so that they can be given priority for conservation man-
agement or manipulation. The effects of different landscape properties can 
be identified by careful study design and the use of statistical procedUIes to 
disentangle the independent effects of correlated measures (e.g. McGarigal 
and McComb 1995; Villard et al. 1999; Mac Nally 2000) . 
FOREST AND WOODLAND BIRDS IN SOUTHERN AUSTRALIA 
There IS much concern about population decline and deteriorating conser· 
vation status of birds typically associated with the dry open eucalypt forests 
and woodlands of southern Australia (Robinson and Traill 1996; Reid 1999; 
Ford et al. 2001) . Ford et at. (2001) outlined a number of hypotheses for the 
decline of woodland birds and identified potential causal processes as so-
oated with habitat loss, habitat fragmentation, and habitat degradation. A 
fundamental issue is the rate and extent ofloss of forest and woodland veg-
etation across temperate southern Australia. In many regions . up to 90% 
or more of the native vegetation has been cleared ill ISO years of EUIopean 
settlement (i.e. less than the )uespan of a single tree!), to be replaced by 
cereal crops and pastures of exotic grasses (Saunders 1989; Robinson and 
Traill 1996; Lunt and Bennett 2000) . 
In addition to the impacts on native flora and fauna , excessive loss 
of icndigenous vegetation has other effects on the environment. including 
changes to hydrological regimes, groundwater levels. terrestrial microcli-
mates, soil structural properties. and increased erosion (Hobbs 1993; Vesk 
and Mac Nally 2006). ational progxams to reverse the detrimental effects 
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of vegetation loss are underway, including protection of existing forests and 
revegetation to increase the amount of wooded vegetation in the landscape. 
Many issues that land management agencies seek to address by restoration 
relate to landscape-level properties of the environment. For example, how 
much forest is sufficient to ensure tha t existing native biota will persist? 
What is the most suitable pattern of forested vegetation to achieve an effec· 
tive habitat network for forest-dependent species? 
These are the kinds of questions that stimulated this case study. We 
used "whole mosaics" as the unit of study, in order to relate the status of 
the avifauna to the properties of forest mosaics at a scale relevant to land 
management. 
Study design 
We surveyed forest and woodland-dependen t birds (hereafter woodland 
birds) in 24 "landscapes" . each IO km x TO km in size (lOa km 2 ) in 
north ·central Victoria, Aust ralia (Radford et al. 2005) . 1bis size was cho· 
sen because it is large relative to the daily movements of most woodland 
birds, includes several types of forest vegetation, and is at a scale relevant 
to land management. In this region, > 80% of the original eucalypt forest 
and woodland has been cleared, with> 90% removed in most local areas 
(ECC 1997). Disproportionate loss of vegetation has occurred on the most 
fertile soils. The remaining forests occur on both public and private land, 
ranging from small patches « IO hal and linear strips along roads and 
streams, to large tracts of up to 30,000 ha (Fig. 8.1). Forests are subject to a 
range ofland uses. Some are reserved and managed as national parks, flora 
and fauna reserves, and historic reserves; others are used for timber pro· 
duction (mostly for firewood and fence posts), gold mining, eucalyptus oil 
ell.iraction, honey production, and outdoor recreation (ECC 1997). Forests 
on private land are mostly grazed by stock. 
1be 24 study landscapes were selected to represent variation in two 
parameters: first, a gradient of decreasing extent of remnant forest cover, 
from 60% to less than 2%; and second, to contrast landscapes in which 
forest cover was aggregated in one or a few larger blocks with those in 
which it was dispersed among many smaller patches (Fig. 8.2) . Birds were 
surveyed at ten sites in each landscape with each site surveyed four times, 
twice each in the breeding and non-breeding season. Survey sites were 
located in fi ve types of wooded element (large blocks> 40 ha, small blocks 
<40 ha, streamside vegetation, roadside strips, and scattered trees among 
farmland), based on the relative proportions of each type in the landscape 
(see Radford e! al. 2005 for details) . 1bus, in each landscape, birds were 
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Figure 8.1. An aerial view of part of the study region in northern Victoria. 
illustrating forest blocks dispersed amongst agricultural lands. Grazing of sheep 
for wool production 15 the main agricultural enterprise in this landscape. 
sampled from the same total al'ea of wooded cover. The data were collated 
to provide two measures of the status of woodland birds in each landscape: 
• the richness of woodland bird species (i.e. the total number of species 
pooled across alJ sites in the landscape); 
• the incidence of individual species of birds. where incidence refers to 
the proportion of surveys in each landscape (11 = 40) in which a species 
was recorded. 
Variables measured to describe each landscape represented the four 
types of property (see Radford et at. 2005; Radford and Bennett 2007) : 
(a) extent offorest vegetation (total tree cover. measured by remote sensing); 
(b) configuration of forest vegetation (e.g. number of forest patches. patch 
shape index); 
(c) composition of the landscape (e.g. diversity of vegetation types. gradients 
ofland use in the non-forested part of the landscape); 
(d) environmental variation and geographic location (e.g. range in elevation, 
easting). 
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Figure 8.2. Examples of study landscapes (each roo km") lliustrating aggregated 
(a. c) and dlspersed (b, d) patterns of forest vegetation (shown in black) for 
approximately 2% (a, b) and 20% (c, d) forest cover, respectively 
How do woodland birds respond to landscape structure? 
A total of TS6 species ofland bird were recorded, of which 80 species are 
regarded as typical of the region and woodland-dependent; they form the 
basis for subsequent discussion. 
Species richness 
Species richness of woodland birds in each landscape ranged from 12 to 
53 with a mean of 38-4 species (± 10 .5 s.d) . What determines the richness 
of birds at the Jandscape level? A multiple regression modeJ identified 
four variables that together accounted for 75% of the variation in richness 
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between landsca pes (Radford et al. 2005) . The number of woodland bird 
species was predicted to increase with: 
(a) increasing forest cover in the landscape; 
(b) decreasing regularity in the average shape of forest patches; 
(c) increasing topographic reliefin the landscape, and 
(dl the posi.tion of the landscape along an eastward geographic gradient. 
Notably, the extent of forest cover was the variable of greatest impor-
tance, accounting for some 55% of the variance in species richness. That is, 
the number of woodland species is primarily driven by the total amount of 
eucalypt forest and woodland in the landscape. To explore this relationship 
further, we examined univariate relationships between spe~ies richness and 
forest cover by fitting a number of alternate models. The "best fit H models 
were those that showed a gradual decline in species richness at higher levels 
of forest cover. and a rapid loss of species below ro% cover, with a marked 
discontinuity around the 10% level. A "broken stick" model. consisting 
of two regression lines that join at a breakpoint of 10% cover (Fig. 8-3; 
see Toms and Lesperance 2003, for further information on "piecewise" 
regression) was the best fit to the data as indicated by Akaike's Informa-
tion Criterion, highlighting the marked change that occurs around this 
level. 
This relationship provides strong evidence for the concept of a threshold 
response by woodland birds to landscape structure. An ecological threshold 
refers to a point or zone in a relationship at which a small change in an 
explanatory variable has a marked effect on the response variable (Wiens 
ct ai. 2002 ; Huggett 2005)' In this study, there appears to be a threshold 
in forest cover at around 10% of the landscape, below which there is a 
disproportionately rapid decline in the species richness of woodland birds 
(Radford et al. 2005). 
Does this mean that ro% forest cover across the landscape is an appro-
priate target for the conservation of woodland birds?· Our response is an 
emphatic "NO". This threshold represents a position along the gradient of 
landscape change at which species richness crashes. Multiple local extinc-
tion events occur and the woodland bird community rapidly collapses. How-
ever, local extinction of a species does not just "suddenly occur", but is the 
end point of a process of population decline. In many landscapes, species 
were recorded as present, and thus' added to the species richness tally, 
but may have been represented by a dwindling overall population, a sin-
gle localized group, or even a single individual. The long-term persistence 
of woodland birds at the landscape level depends on the presence of a 
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Figure 8.3- Relationship between the number of woodland bird speCIes alld 
percent forest cover in 24 study landscapes ill northern Victoria . The solid line 
represents a "broken stick" regression with breakpoint at 10% cover. and the 
dotted line indicates the 10% threshold in forest cover at which there IS a 
dramatic change in species richness. See text for conservation Implications of 
this threshold. 
sustainable breeding population. Thus. the management target must be 
weli on the "safe" side of the threshold. at a level at which most species' 
populations are not vulnerable to decline. But how far from the threshold is 
usafe"? 
Incidence of individual species 
Species richness is an assemblage-level response in which all species are 
grouped together. However, although all species were assessed a priori to 
be woodland-dependent, they differ in the use of forest resources such as 
food types and microhabitat requiremen ts for foraging and breeding. and 
in their scale of movement through the landscape. 
We modeled the incidence of woodland birds in the 24 landscapes 
to identify those properties of the land mosaic of greatest influence on 
each species. Two analytical approaches were used (see Radford and Ben-
nett 2007. for detailed explanation). First, hierarchical partitioning (HP) 
is a method that can be used to identify the "independent" and "joint" 
8 Woodland birds and landscape structure in SE Australia I 171 
contributions that each predictor variable makes to explaining variation in 
a response variable (Chevan and Sutherland 1991; Mac Nally 2000) . Sec-
ond. Bayesian variable selection (BVS). a multivariate modeling procedure, 
was used to identify the most credible set of explanatory variables for each 
species. Analyses were carried out for 58 of the 80 woodland species: those 
that occurred in five or more of the 24 landscapes. 
There was wide variation in species' responses, demonstrating that 
although all are woodland-dependent. different species respond to different 
landscape properties (Fig. 8.4) (Radford and Bennett 2007). Key findings 
from these analyses for individual species include the following. 
(a) Extent of forest cover in the landscape was the single most important 
variable explaining the incidence of woodland birds, based on the num· 
ber of species for which forest cover made a substantial independent 
contribution to explaining variance (HP), and for which it was included 
in the most credible set of explanatory variables (BVS) (Fig. 8-4). Inci-
dence of these species at wooded sites in the landscape increased with 
increasing overall extent of forest cover. 
(b) Numerous species were influenced by variables representing landscape 
composition, most notably by a gradient in agricultural land use in 
the region (from primarily cropping to primarily grazing) , and by the 
average condition of the vegetation at each survey site. 
(c) Variables representing the configuration offorest cover were important 
for m.any fewer species than was the amount of forest cover but, where 
important, they indicated negative effects of forest fragmentation. ~or 
example, a number of species occur at a higher incidence in landscapes 
in which forest cover is aggregated (for a given extent of forest cover) 
than where it is dispersed (Fig. 8.4). 
(d) A subset of19 species was influenced by the geographic position of the 
landscape. Species associated with mesic forests of the Great Dividing 
Range (e.g. pied currawong Strepera graculina, scarlet robin Petroica 
multicolor) were more likely to occur in the east, whereas others were 
more likely in the west of the region (e.g. white· plumed honeyeater 
Lichenostomus penicillatus). 
Several specific examples illustrate the variation in response of wood-
land birds to landscape structure. For the eastern yellow robin Eopsal-
tria australis and rufous whjst]er Pachycephala rufiventris, forest cover was 
the only variable included in the most probable set of explanatory vari-
ables. For the crested bellbird Oreoica gutturalis and white·browed babbler 
172 I A. F. Bennett and J. Q. Radford 
30 
2S 
20 
::l 15 
~ 
it 10 
'0 
Q; 
.D 
E 
~ 
z 
5 
-5 
-10 
TREE SOURadj NPadj AGGadl CIRCLE EVCDIV RIPadj lUSEadj COND EAST 
Extent Configuration Composition Geographic 
Landscape variable 
Figure 8+ Relative importance of different kinds oflandscape varia ble in 
explaining the incidence of woodland birds in study landscapes based on the 
number of species for each landscape variable for which: 
(a) the independent contribution in hierarchical partltioning was signIficant (. ) 
and; 
(b) the probabil ity of a non·zero coefficient in Bayesian variable selection was 
>0·9 (D) . 
The dIrection of the bar indicates the number of species for which the 
relationshlp was posltive or negative for each variable. 
TREE. extent offo res t cover; SOUR,dl' distance to a large (>IO .OOO hal forest; 
NP.d» number of discrete forest patches; AGG.dl' degree of aggregation of forest 
patches; CIRCLE. index of patch shape complexity; EVCDIV , dtversity of 
vegetation types : RIP.dj. extent of streamside vegetation; LUSE,dj. PCA 
ordination factor describing a gradient in agricul tural land use from primarily 
cropping to primarily grazing; CONDo index of vegetation condition and 
disturbance; EAST. geographic )ocahOn Subscript adl denotes that the onginal 
variable was regressed against TREE and the reSIduals used as an adjusted 
measure. 
From Radford and Bennett (2007). }oumal of Applied Ecology; with permission 
from Blackwell Publishing. 
Pomatostomus superciliosus, it was forest cover together with distance to the 
nearest continuous forest of > 10,000 ha. Thus. each of these species is pri-
marily responding (positively) to the total amount of forest within or close 
to the landscape. Other species such as the grey shrike-thrush Colluricincla 
harmonica and spotted pardalote Pardalotus punctatus responded to both 
the amount of wooded cover and its spatial configuration; they occurred in 
~ WOOOlana Dlros ana I<lTlUSLapt:: SlI Ul..lwe 111 .)C ",u.>UdHG I -, J 
hlgher incidence in landscapes with more forest cover and where that cover 
was aggregated into larger blocks. The incidence ofthe brown treecreeper 
Climacteris picumnis was most strongly related to the diversity of forest veg-
etation types and the condition of the vegetation at each site, whereas for 
the white-plumed honeyeater Lichenostomus penicillarns the diversity of veg-
etation types and geographic 10caEion (greater incidence to the west) were 
'. of greatest influence. 
The imJ?ortance of total extent of forest cover in explaining the inci-
dence of individual species suggested that this relationship was worthy of 
closer attention. Univariate relationships between species' incidence and 
tree cover were examined by fitting a range of models to identify the "best" 
shape, or form , of this relationship. Examples of two contrasting types of 
response shape (or incidence function) are illustrated in Fig. 8.5. 
Fust, a non-significant relationship (i.e. slope not different from zero) 
was found for the white-winged chough (Fig. 8.5a) . There is no change in 
the incidence of this species as the amount of forest cover in the landscape 
decreases. That is, even though the extent of its forest habitat decreased. 
it was recorded with a similar frequency of occurrence in surveys in the 
wooded elements in each landscape. However. because forest cover in the 
landscape is lost and the species cannot persist in cleared farmland that 
replaces it, this relationship implies that the overall population size of the 
white-winged chough will decrease in direct proportion to the rate of forest 
loss. This pattern of population change as forest cover dedmed was shown 
by approximately one-third of woodland species (for which adequate data 
were available). 
Second. for the eastern yellow robin (and numerous other species) there 
was a curvilinear response (Fig. 8.Sb) . As the amount of forest cover in the 
landscape decreased. there was a decline in the species ' incidence. at first 
gradual and then accelerating. This response shape suggests that as forest 
cover is lost, not only is there a reduction in overall population size due 
to loss of habitat alone, but the species ' incidence in remaining wooded 
elements also declines , further compounding overall population reduction. 
For these types of species. the process of population decline speeds up 
as forest cover decreases. Of critical importance is that this process of 
compounded decline commences at levels of forest cover well above the 
ro% threshold at which species richness crashes. 
Managing landscape structure to achieve conservation goals 
How can this type of research approach. based on collecting empirical data 
at the landscape level. be used to set quantitative goals for biodiversity 
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(b) eastern yellow robin and the percentage cover of forest vegetation in 24 study 
landscapes in northern Victoria. (Photos; McCann collection, DSE.) 
conservation in forested landscapes? We outline below five points relating 
to the role oflandscape structure, and illustra te them with reference to this 
case study. 
Setting conservation targets depends on knowledge 
of the particular system 
Scientific research seeks generality in understanding, such that new 
insights are relevant and applicable in as many circumstances as possible. 
However, although principles can often be extrapolated among different 
ecosystems, the variation in biota and idiosyncratic features of different 
ecosystems mean that caution must be exercised in eX1J"apolating specific 
targets or goals. For example, in a number of studies in land mosaics 
(including this case study) , variation in species richness or in the occur· 
rence of biota is influenced by the geographic location of the mosaic, as well 
as properties relating to its habitat·· features (Boulinier et al. 2001; Smith 
et at. 200r; Radford ,t al. 2005). 
Outcomes and conservation goals arising from this work in north· 
central Victoria are most relevant to other dry forests and woodlands 
on the inland slopes of the Great Dividing Range of south·eastern Aus· 
tralia that have similar forest types, land· use history, and avifauna. None 
the less, the concepts identified here. including a threshold response of 
species richness to forest cover. species·specific cues to landscape struc· 
ture, and different response shapes for species' incidence in relation to 
forest cover, are likely to be re.levant to other regions in Australia and other 
countries. 
Setting targets for landscape structure depends on the conservation goal 
Managing or manipulating the structure of forested landscapes is likely to 
be inefficient unless the conservation goals are clearly defined. Different 
conservation outcomes are often related to different aspects of landscape 
structure. For example, the total species richness of a faunal group is fre· 
quently related to the heterogeneity of the landscape (Bohning·Gaese 1997; 
Atauri and de Lucio 2001; Luoto et at. 2004). whereas the richness of a sub· 
set of species. or occurrence of a single species, is generally most strongly 
influenced by the total extent of its habitat in the landscape (Trzcinski et at. 
1999; Bailey et at. 2002). 
Our results show that if the goal is to maximize the species richness of 
woodland birds, then particular attention should be given to maintaining 
or increasing the total extent of forest cover in the landscape. In contrast, 
if the goal is to enhance the status of a particular species (e.g. a threatened 
species) or subset of species, then attention should be given to. the specific 
features of the forest landscape that elicit the strongest response. This may 
be an attribute such as the amount of riparian vegetation, the degree to 
which forests are aggregated into larger blocks. or the condition of the 
vegetation. 
To address a primary conservation goal of maintaining rich assemblages 
of woodland birds in highly modified landscapes in northern Victoria. we 
provided advice to land managers that emphasized the lmportance of the 
total amount of forest cover (Radford et al. 2004) . We recommended a target 
176 I A. F. Bennett and J, Q. Radford 
of around 30% forest cover to have a high likelihood of susta.ining diverse 
communities of woodland birds. This was based on: 
• a threshold response at 10% cover, below which bird communities 
rapidly collapse 
• the need to be well on the safe side of this level to account for the process 
of decline and potential for time-lag effects 
• the form of the relationsh ip between species' incidence and forest cover 
for selected species. in which population decline accelerates at levels of 
forest cover of 20% or more (Fig. 8.5) . 
It is important to note the context for this target. Forest cover across 
the region is presently much less than 30% and in many districts there 
is less than IO% cover. This target sets a challenging goal that requires 
not only protection and management of remaining forests but a long-term 
restoration process. Of course, this single target is not necessarily ade-
quate to meet the conservation requirements of every species. Rare species 
that were seldom detected. such as the threatened regent honeyeater Xan-
thomyza phrygia. may be more sensitive to landscape change and disappear 
at levels of forest cover much greater than 30%, or their status may depend 
on other processes such as competition or predation. 
Identify the wtical properties of landscape structure 
Landscape-level management offorest mosaics to achieve conservation out· 
comes depends on knowing the most appropriate parameters to manipulate. 
This means it is first necessary to recognize the different kinds of properties 
of forest mosaics, measure variables that represent each of these proper-
ties, and analyse the influence of each on the response variable of interest. 
It is also important to recognize that the variables describing landscape 
properties are often strongly correlated to each other and that we must take 
appropriate steps to determine the independent influence of each property. 
Otherwise. there is a risk of attributing the effects oflandscape structure to 
a factor of indirect influence. and implementing management actions that 
are less effective than they could be. 
A key outcome from this case study is the identification of the relative 
influence on woodland birds of all four main types of landscape property. 
This gives insight into the kinds of target to set in relation to landscape 
structure. Here, the total extent of forest cover emerged as a key attribute 
of landscapes in northern Victoria that influences both the richness of 
woodland birds and the incidence of many individual species. Configura-
tion of forests was generally much less important for woodland birds than 
forest extent, at this landscape scale. However, a notable finding was the 
influence of the aggregation of forest cover for a number of species. This 
suggests that restoration actions that increase the extent of forest cover by 
consolidating large blocks of forest will be beneficial for forest-dependent 
species. 
A limitation of OUI approaeh is that we used a single fixed size 
(roo 1an2 ) for a "landscape", when it is likely that many spedes respond 
to landscape structure at different scales. It would be valuable to know 
whether assemblages and species respond to landscape structure in differ· 
ent ways at different spatial scales, and what kinds of changes occur across 
scales. 
Expect non-linear ecological responses to landscape change 
Understanding the manner in which species, assemblages, or ecological 
processes respond to landscape change is fundamental to effective land 
management. Many ecological relationships are not linear; the change in 
the response of the biota is not consistent across the spectrum oflandscape 
change (see Chapter 9, this volume). Curvilinear responses (Fig. 8.Sb) and 
threshold responses mean that at particular stages of landscape change 
there is a disproportio~ate rate of change in the biota, sometimes with quite 
abmpt responses that herald a shift in the state of the system. Wiens et al. 
(2002: 30) noted that "Nature IS full of thresholds layered upon thresholds". 
From a management perspective, it is critical to know where along the 
gradient of environmental change species are most sensitive and where 
precipitous declines may occur. It is also relevant for landscape restoration 
to know where the greatest return for effort invested is likely to be achieved 
and where little response may occur (Fig. 8.6) . 
This study found strong evidence for a threshold response in the species 
richness of woodland birds to landscape forest cover (Fig. 8.)) . The marked 
decline at around ro% forest cover provides a danger signal for managers; 
landscapes at or below this level are likely to be experiencing drastic loss 
of the woodland fauna. However, as mentioned previously, many species 
individually show declining trends in their incidence well above 10% forest 
cover. Finally, relationships between the incidence of individual species 
and landscape forest cover displayed a range of response shapes (Fig. 8.5). 
highlighting the diverse ways in which species respond to change. 
Set management goals at different spatial scales 
The approach outlined in this chapter, based on "whole mosaics" as the unit 
of study, is an effective way to identify the relative importance to biota of 
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Figure 8.6. The form of the relationship between specIes abundance and the 
proportion of forest cover in the landscape has great relevance for practical 
landscape management. For hypothetical species (a). protection or restoration of 
forest cover in landscapes with <ro% cover is likely to have marked conservation 
benefits. In contrast. for species (b) there will be limited benefit from restora tion 
or revegetation of such landscapes; the most effective actions are likely to be in 
landscapes with some 40-50% forest cover. For species (c) , the linear response 
suggests that conservation benefits will accrue from restoratlon in landscapes at 
all levels of forest cover. 
different kinds oflandscape property. However, orgamsms respond to envi-
ronmental cues at multiple scales. Consequently, landscape-scale targets 
must also be integrated with site-level targets that ensure that the habitat is 
of sufficient quality to meet the 10caJ resource requirements of individuals 
or subpopulations . for food, shelter, and reproduction (e.g. Lindenrnayer 
2000; Butler et al. 2004) . 
The white-browed babbler provides a relevant example in this study. 
At the landscape level, the incidence of this colonial. insectivorous species 
was most strongly related to total forest cover in the landscape (positive 
relationship) and the distance to the nearest source area of > 10,000 ha 
(negative relationship); thus it depends on extensive forest within and dose 
to the landscape. However , at a local scale. this species requires dense 
patches of shrubby vegetation (1-3 m tall) in the forest understorey in which 
it builds its nests and day· roosts. 
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Box 8.1 Management scenarios for woodland birds in different landscapes 
There is no · correct" or universal answer to the question of how much native 
vegetation is enough for woodland birds to thnve in modified landscapes. By 
outlining the consequences of realistic scenarios, we can gain an 
understanding of what is likely to happen to the fauna in this landscape if we 
manage it in this way. ll1ese scenarios relate to woodland birds and forest 
cover in northern Victoria (Radford et al. 2004). 
(a) Laltdscape with 5".-6 forest cover, mainl}, along streams and roadsides and in 
small remnants. 
The native fauna ill this landscape is in trouble: it IS hIghly modified 
and donunated by farmland speCles (such as Australian magpie 
Gymnorhina tibicen, galah Cacatua roseicapiUa, crested pigeon Ocyphaps 
lophotes) , although woodland·associated species such as eastern rosella 
P!atycercus eximius and laughing kookaburra Dacelo Itovaeguineae occur 
along roadSIdes and creeks, in small remnants. and among scattered 
trees. Even in very low-cover landscapes, some woodland-dependent 
specIes persist. Some may be widespread (e.g. musk lorikeet Glossopsitta 
concinna, grey shrike·thrush) but most occur in small a.nd dwindling 
numbers (e.g. sacred kingfisher Todiramphus sanetus, weebi.U Smicromis 
brevirostris). Five percent forest cover is not enough to support viable 
populations of most species or to sustain ecological processes. 
(b) Landscape with ]0%-15";6 cover. including linear strips and a ,.ange offorest 
patch sizes. The prospects for native wildlife are brighter in this scenario. 
Woodland·dependent species are likely to occur here in greater diversity 
and abundance, and birds such as the brown treecreeper and 
black-cltinned honeyeater Melithreptus guiaris are more prevalent. The 
abundance of patch edges and range of patch sizes creates a varied 
landscape, one favored by species such as the jacky winter Microua 
foscinans and m istletoebird Dicaeum hirundinaceum. Some species 
sensitive to landscape change occur but in smaller populations than in 
less modified landscapes (e.g. hooded robin Mtlanodryas cucullata, 
white-browed babbler) . This landscape is likely to support a high diversity 
of native species but they may not persist in the long tenn. 
(c) Landscape with 30%-35%forest cover, including large connectedforest blocks. 
Landscapes with 30%-35% forest cover supporr resilient faunal 
populations more capable of withstanding environmental fluctuations. 
Ecological processes (e.g. preda tor-prey relationships, tree regeneration, 
provision of specialist habitats, mistletoe dispersal) are more robust, and 
woodland specie are expected to outnumber farmland and 
woodland-associated species. Many species uncommon in low-cover 
landscapes (such as eastern yellow robin, Gilbert's whistler Pachycephala 
inomata, swift parrot Lalhamus discolor) occur in larger numbers, greatly 
improving their chances of long·term survival. Large blocks of forest , a 
key feature oflandscapes with >30% cover, harbor area·sensltive 
speCles such as the crested bell bird and speckled warbler Chthonicola 
sagittat(l, whIch are unlikely to occur in landscapes with less native 
(cont.) 
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egetation. The conservation values of high· cover landscapes depend 
largely on the integrity of the large forest blocks, which must be 
preserved from degrading land uses (e.g. excessive firewood removal, 
grazing by domestic stock) or fragmentation into smaller blocks. 
Scenarios as a tool for assisting decision-making 
Land managers often seek specific targets for management, but scientists 
often are reluctant to commit to specific quantitative target . This reluc-
tance can be because conservation goals are often poorly defined, different 
conservation goals require different targets. there is never a single "correct" 
answer for all contingencies or locations, and because nature is inherently 
variable. 
An alternative to proposing specific targets for landscape structure is 
to approach the issue in a different way. Rather than asking "What target 
should we aim for to achieve a particular conservation goa]?", a useful 
question is "What will happen in this landscape if we manage it in this 
way?" This can lead to the d.elineation of a set of scenarios that reflect the 
choices available to land managers, and that illustrate the likely outcomes 
of different decisions. Such scenarios can be quantitative in nature when 
they are based on empiricaJ research. 
When communicating research outcomes from this study to land man-
agers, we used a scenario approach as a complement to recommending 
a specific target for landscape structure (Rad.ford et al. 2004). The three 
scenarios were descriptive (see Box 8.1). but the examples presented were 
based on quantitative analysis of empirical data from the study landscapes. 
By selecting and referring to species that are most likely to be known to 
land managers (rather than rare or threatened species, for example), the 
message is likely to be more effective. 
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